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December 22-23, 1922, and January 16-17, 1923, all of 
which dates lie within the period when the method for 
obtaining pressures at 1 and 2 kilometers was being tested 
by daily ost card reporting. 

The re uced pressures for these hi h levels in general 
distribute themselves smoothly, so t at they are com- 
parable in this respect with the charts for 1 and 2 kilo- 
meters. It is not doubted that the accumulation of 
data will render future revision of the constants desirable, 
but this is a matter which does not affect the validit of 
the method. Granting that slightly more snioot&ng 
is required for these charts than is practiced upon the sea 

, there is no mistaking the general trend of 
level horizont "3 pressure gradients wluch are the significant 
and im ortant factors in the determination of the move- 
ment o P air masses. Isobaric irregularities at these high 
levels, me, it is believed, less significant than irregularities 
of the same magnitude on the sea level map. 

It has been ointed out before that tests of these maps 

of pilot balloon flights are truly representative of air 
movement a t  the levels ip question. This is not because 
of inherent inaccuracies in the methods of observing and 
reduction, but more robably because of the fickleness of 

record represents only a momentary observation a t  any 
particular level. We know that if the air is in adjust- 
ment with the pressure radient in the free air, it will 

inverse1 proportional to the distance between isobars. 
When t g e wind direction is not parallel to the isobars, it 
does not necessaxilp condemn the isobars, for i t  may be 
that the air is not in perfect adjustment to the gradient, 
or that there are local deviations in the gradient which 
are so small as to escape record on the map. Local con- 
vective influences may great1 disturb the wind direc- 
tion, yet be extremely local. $herefore, a lack of perfect 
agreement is not completely attributable to faulty 
isobars. 
On the other hand, there is no desire to utilize this fact 

as an alibi. The investigator is as curious as the reader 
to know the true nature of the cause of such discrepancies 
as ma exist; but it is doubtful whether one will ever be 
able &nitaly to establish an unimpeachable standard of 
isobaric accuracy in the free air, owing to the difficulty 
of simultaneous accessibilit of a sufficiently large number 
of points. One must, in a6 fairness, judge the results of 
this map drawing in a broad way and attempt to compare 

% i; 

are very diffic Is  t, for one is never sure whether the records 

wind conditions com 1 ined with the fact that the balloon 

move nearly parallel to t % e isobars and with a velocity 

large movenients of air as indicated by simultaneous free- 
air wind directions at  aerological stations with eneral 

ably a t  any, stage of free-air map drawing to expect every 
wind direction to agree with the isobaric trend in ita 
immediate vicinity. This does not alwa hold even at 
the surface close to the reduction level, r though in that 
case we have recourse to turbulence, friction, and topog- 
raphy to ex lain the discrepanc ; and such explanations 

air. 
With these introductory remarks, Fi ure 7, showing 

cem E er 23-23, 1923, and January 16-17, 1922, respec- 
tivel , may be studied. On these charts are lotted the 
windPdirections observed b means of ilot !J doons at 
or near 8 a. m., 75th merdan  time. # hese dates were 
selected because of the lar e number of ascents reaching 
the required altitudes. T i e  s eed of the wind in miles 
per hour is indicated by the bar \ s on the mows,  one barb 
indicating 10 miles of wind per hour. 

These chmts are offered in the hope that the reader wi l l  

nient between wind direction and isobaric trend, an the 
study them and draw his own conclusions as to the 

relation between the barometric configurations at the 
several levels. It is recognized that the number of ma s 
is small, but available time and space hardly justify t E e 
presentation of inore. No attempt is made to discuss the 

hysical relations between wind conditions at the several 
Lvels, since the object of this paper is to treat onl of the 
method of reduction and its a plication to map &wing. 
It will be conceded, it is hope$ that the Law of Pressure 
Rat,ios is one of theoretical interest and considerable prac- 
tical importance. It has the merit of being founded on 
firm theoretical grounds and confirmed by observation 
so closely that the final emor of computation is largely a 
function of the pressure errors a t  1 and 2 kilometers above 
sea level-and these have been shown to be satisfactorily 
small. 

isobaric trend. It is asking too much at  this, an d prob- 

can not be B rawn upon in such 9 arge measure in the free 

the ressures a t  sea level, 2, 3, and 4 ki K ometers for De- 
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THE WINDS OF OKLAHOMA AND EAST TEXAS. 

By JOHN A. RILEY, Meteorologist. 

[Aarologicd Station, Drokon APOW, Okla., September 211,lSa.l 

8YNOPSIS. of Texas in which a counterclockwise shift occurs, the wind having a 
northeasterly drift above 4,000 meters. 

Graphs have been drawn to show the mean seasonal direction and 
velocity at the three stations; the percentage fre uency of directions 
for summer, winter, and the year at four selectel levels; the. annual 
march of wind s eeds baaed on monthly ave- for the n as a 
whole; features o! the diurnal march and the nocturnal stratxtion of 
s eeds at low altitudes; and the frequency of high winds at ordinary 
&ing levels. 

Free-air winds are best studied in geo raphic grou s 
such that conditions are nearly uniform t % roughout &e 
group but differ in some particulars from conditions in 
other groups. Up er air conditions a t  various levels am 

surface, so that the network of aerological stations need 
also more uniformy I; distributed than are those a t  the 
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not be so close to arrive at an idea of averages as is 
necessary for surface stations which are frequently 
affected by local topography and the exposure of the 
station. 

The region embraced in this study-oklahoma and 
east Texas-is represented by three stations: Broken 
Arrow in northeastern Oklahoma and Fort Sill in the 
southwestern part of the State, and Groesbeck in east 
central Texas. Pilot balloon work is carried on a t  all 
three stations; kite work is done at the two Weather 
Bureau stations but not a t  Fort Sill. The data may be 
said to represent fair1 well the territorj from latitude 

Most of this region is in the onca famous grass country 
of the Southwest; it  is now an agricultural and industrial 
district of importance. Except for the rugged and 
forested mountains of eastern and south-central Okla- 
homa which rise in some instances to 2,500 or 3,000 feet 
above sea level, the surface is in eneral a vast rolling 

Eve1 in the western part there is a gentle slope toward 
the south and east to less than 500 feet in the southeast. 

The three stations are located in open country, free1 

at lower levels are not affected by unusual topography. 
The geographical coordinates and elevation of each sta- 
tion and the record used in this study are given in Table 1. 

TABLE 1. 

31’ to 37 north and s rom longitude 95 to 99’ west. 

lain. From the lofty plateau o B 2,000 feet above sea 

exposed to winds from all directions, so that the recor 2 s 

Ati- Iwtl- i h g i -  I 
Station. 1 tude 1 tude, tude Period of observatloIw (Incluslve). 

m.s.1. N. I w.’ I 

Four yeam’ pilot balloon records for each station have 
been used in preparing the tables of meanvalues. The 
balloons are released at 7 a. m. and 3 m., near the 
time of the extremes in the diurnal marc % of the winds, 
and the combined means t,herefore represent a close 
ap roach to the true daily mean. 

&#e-theodolite observations are the rule, but at  
the eather Bureau stations t,wo-theodolite observations 
am made as often as time will permit. In the lower 
levels on summer afternoons the ascensional rate of the 
balloon is sometimes seriously disturbed by convection ; 
at such times two-theodolite work is necessar for accuraia 

the mornin and comparisons of morning kite and bal- 

two methods. The errors incident to certain individual 
observations compensate one another and in the means 
based on a large number of observations are nearly if 
not entirely eliminated. 

A two-year summary, reviously prepared for Broken 

year with the present four- ear means. The seasonal 

the annual means are almost identical. At no level is 
there a greater difference than 4 O  in direction and 0.7 
rn. p. s. in velocity in the annual means. Monthly 
values have not been considered, except in preparing 
Figure 4, because a longer period of observations is neces- 
sary for the determination of normal monthly values. 

results. Vertical air currents are practicaly 9 absent in 

loon recor d s show very satisfactory agreement in the 

Arrow and Fort Sil1,I a B ords a comparison of the two- 

means for the two periods s rl ow very small differences: 

1 Mo. WEATEEB REV., November, 1920. 48: 627432. 

The number of observations for each season and the 
year is given in Table 5. The largest number occurs in 
summer and the least in winter, although the differences 
are small and the seasonal distribution is entirely satis- 
factory. 
the entire eriod is 87 at Broken Arrow, 72 a t  Fort S z  
least one observation was made is considerably higher 
and therefore agrees well with ercentage of days on 
which kite flights are made. d t h  increasing altitude 
above 3,000 meters the ercentage of balloon observations 
over those made with i i t es  rapidly increases, es ecially 
in summer, and at 5,000 meters and higher fdoons 
furnish the only means at  present used for observing the 
winds re ularly. At Broken h o w  43 per cent of all 

Fort Sill and 38 per cent at Groesbeck reach this level. 
Six per cent of all observations at Broken Arrow and 
Groeslmck reach the 10-kilometer level. 

The percentage of observations made duri 

and 83 a t  8 roesbeck. The percentage of days on which at 

balloon o B servations reach 4,000 meters; 20 per cent at  

Rft 
km. 

5 

4 

3 

2 

/ 

FIG. l.--Maur sessonal ha41 wlnd directlorn and ~eludtiea (m. p. E.), Broken Arrow 
Okl8. 

Disappearances of balloons are due mostly to clouds 
and secondly to distance. But while lower clouds 
seriously interfere with the work at  times, the data 
obtained by this method are not limited to fair weather. 
Observations are often obtained between showers or 
through temporary breaks in the clouds; in fact they can 
be made near thunderstorms when it would be dangerous 
to send 11 kites. So that nearly all conditions are 

clouds are enera! 

kind, have been determined by a plyin to the mean 
velocities the gradient from eac R P  leve to the next 
higher level, thus eliminating the discontinuities resulting 
from fewor observations at  the hi her levels. Mean 

trigonometrically. #his is different from getting the 
prevailing direction as recorded at  the regular stations 
which is the direction occurring the greatest number 01 

represente z exce t storm centers where rain and low 

Mean ve 9; ocities, as in other free-air studies of this 

directions are found by resolvin eac % direction into its 
north and west corn onents an f determining the mean 
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times .regardless of the distribution and frequency of the 
other directions. The surface directions in winter, as 
shown in Figure 5, afford a good example of this differ- 
ence. Prevailing directions would be either north or 
south but when the componenbs of all directions are 
considered a westerly drift is found. 

Fro. t.-Mean resaonal frea-air wind directlorn and velocitias (m. p. s.), Fort Sill, Okla. 

AVERAGE WINDS. 

Seasonal means of direction and velocity are shown 
in Tables 2, 3, and 4, and graphically in Figures 1,2, and 3. 
Mean surface velocities range from 4 to 7 m. p. s. In the 

4 ' 1 5  8 # s SW w 24 W 

free air three regions may be distinguished: (1) A region 
of rapid increase in velocity to approximately 500 
meters; (2) slight increase or even a decrease throughout 
the next kilometer, va.rFing in amount and depth with 
the season. and (3) a re on of steady increase in velocity. 

Autumn wind meeds of this region. unlike those of more 

FIQ. &-Mean seasond free& wind directions an3 velocities (m. p. s.), Groeskk, Tex. 

Light winds revail a t  R ff 1 altitudes in summer, the lightest 
free-air win B s occurring at  a height of 2,000 meters. 

northerly stations, are considerably less than those of 
spring; an almost uniform increase in speed occurs in the 
upper levels from summer through autumn, spring, and 
wnter. 

TABLE Z-JiPan freeair uinds at Broken Arroui, OkIa. 

I Spdng. I Summer. I Autumn. I Winter. I Annusl. 

--- -71-1 0 I I 0 I - I D I - I D I -  
Surface. S. 
250 ...... 9. 
500 ...... 9. 
750 _____. 8. 
1, ooo.... 5. 
1.600.. .. 8. 
2,oM). ... 5. 
2.500 .... 5. 
3000. N 
4:oM).::: N: 

I .  

TABLE 4-Meanjree-air winds at Groesbeck. TCZ. 

I Spring. I E-or. I Autumn. I Wlnter. I Annual. 
i I I 

0 0 

Surface. 5. 15 E. 5.89. 7 E. 
250 ...... 8. 6 E. 7.88. 4 W .  
500 ___.._ S. 1 W .  8.95. 8 W .  
750 ...... 9. 1 1 w .  9.1s. 5 w .  
1,ooO __.. Y. 24 W. 9.35. 6 W. 
1,500 .... S. 56 W. 9.65. 6 W. 
2,W _.._ S. 78 W. 10.69. 7 E. 
2.600 .._. 5. S 9 W .  11.75. 34 E. 
3 M o  _.__ N. 8 W. 13.1s. 57 E. 
4'ooO ___. N. 74 W. 15.5 N. 79 E. 
5:aoO _ _ _ _  N. 69 W. 17.8N. 51 E. 
fi,ooO ._.. N. 65 W. 19.4N. Ba E. 

, I  , -  , I  

TABLE L-Number of obscrvafiotu on which Tables 2, S, and 4 are based. 

1 Broken Arrow, OkL. 1 Fort Sill, Okla. I . OroasbePk, Tex. 

SurIsce. ...... 
260. .......... m. .......... 
750.. ......... 
1 ooo ......... 
2.m. ........ 
.-I -,. '00 
3.m.. ....... 
4,ooo. ........ 
6,ooO. ........ 
6,000.. ....... .... .... .... 

1 1 1 1  I 

1:soo.. ....... 
......... 

I I I I I  
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Spring and autumn direction curves are much alike 
except a t  Groesbeck where the south component is much 
deeper in autumn than in spring; from south or southeast 
at the surface the wind veers to west a t  3,000 meters 
with little change thereafter. Winter directions average 
near1 west a t  all altitudes. Summer directions show 

in the mean direction to farthest north in the u per 

wise shift in summer from southwest a t  2,000 meters t.0 
northwest a t  4,000 meters and higher levels; at  Groesbeck 
a counterclockwise shift sets in at 1,500 meters, the wind 
backing from south through east a t  3,700 meters to 
northeast at 5,000 meters. There is therefore a marked 
northerly drift at high altitudes over the whole region in 
summer, with a westerly component prevailing over 
Oklahoma and an easterly one over Texas. 

er levels above 

10 kilometers should be of interest in connection with 
the observed movements of upper clouds. It is in 
decided contrast to conditions farther north, whero 

the B eepest south components and the most rapid shift 

levels. At Broken Arrow and Fort Sill there is a c Q ock- 

The strong east component in the u 
Groesbeck in summer continuing, as wi PI; 1 le seen later, to 

Figure 4 givei in another way the annual distribution 
of velocities. It is based on the combined monthly 
values of the three stations thus giving a composite 
picture of the annual march .of velocities over the region 
as a whole. The marked contrast in the strength of 
summer and winter winds is emphasized in this diagram. 
It will be obseiwd that strong winds persist from late 
November to carly April. A sudden decrease sets in at  
all levels in late April and early May; in the u per 
levels the decrease continues through May and Jp une. 
Durin July and August stagnant conditions prevail to 

3,000 meters falls below 6 m. p. s. Increasing velocities 
set in again during September and b late November 
have reached winter force at all altituJea. 

Frepuen.cy o j  winds frotii. diflerent directions.-Figure 5 
gives the ercentage frequency of directions a t  the 
surface an I€ a t  1? 3, and 4 kilometers elevation. The 
directions for the three stations have been plotted on 
outline maps of Oklahoma and Texas and show the 
distribution to 16 ointa for summer (June, July, and 
August), winter (&caber,  January, and February) , 

great f eights and the average speed from 1,500 meters to 

FIG. 4.-Annual dlstribution of \*elor3ties (m. p. s.1, 

cirrus clouds are rarely observed moving from the east, 
to find that at  least in Texas in summer cirrus are likely 
to move from the east more frequently than from the 
west. 

During winter this region is dominated by the pre- 
vailing westerlies and average velocities are nearly as 
strong as those at  stations farther north; this is in 
agreement with the charts of freeair isobars determined 
from kite observations.2 In summer t,he southern part 
is invaded by the “horse latitudes.” But this sub- 
tropical control is limited to the free air as shown by the 
la e percenta e of weak easterl winds. At tho surface 

south at all places; this circulation has a monsoon 
character as ex lained by Tamehill: caused by the high 

Statistical data from other southern stations are neces- 
sary to determine more completely the free-air winds 
of this subtro ical region and reports from revions out- 
side the Unite$ States are needed to show the effect of the 
southwestern continental “heat island ” on the uppcr 
planetary winds. 

an? a t  lower 4 evels the wind i lows steadily from the 

temperatures o P the interior. 

’ AnacmloPimlwrwoftL Unitcd 8iak7. By W.R.Gregg. MO. WEA’rnER REVIEW, 
SVPPLEMENT No. 20. 

‘dome chame*tislics of Tnas minfall By I R Tmnehill MO WEATFIRR REV 
Ma 1923. 8ee also C%auda of tihs aeerlahtd stair& ow Cwpw Cbrlsri, T a .  By J: 
P. %cA~llU& YO. XhATHEB REV., NOV0nlber, 1622. 

, b e d  on combined monthly memu of three atatha. 

and t-he year. The surface distribution is notable for 
the preponderance of north and south winds oyer east 
and wevt winds a t  all seasons, and of south component 
winds in summer. For the year winds falling within 
one point of either north or south constitute 62 
cent of the total a t  Broken Arrow, 68 per cent at  
Sill, and 54 per cent at  Groesbeck. During summer the 

crc.enta e of winds within one point of south is 52 at 
groken %-row, 49 a t  Fort Sill, and 42 a t  Groesbeck. 
During winter there is nearly R balance between the 
north and south winds. 

At 1,000 meters man of the directly north and south 
surface winds have shi 9 ted a point or two toward west; 
and the greatest frequency is in the southwest quadrant. 
At 3,000 meters and 4,000 meters winter winds are 
nearly all from pointa between southwest and north- 

. west. Summer winds are more evenly distributed from 
all directions, with a prevailin westerly component at 
the two OklaliomR stations nn% an easterly component 
n t  Groesbeck. 

West component.-Table G gives the percentage fre- 
quency of a west component and a north component for 
the sunimcr a.nd winter seasons and the year. A weat 
component occurs in winter generally 90 er cent or 
more of the time above 2,000 meters. P n summer 
there is a marked decrease in the proportion of weat 
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component winds with decreasing latitude, and at south- 
ern stations a steady decline of these winds with increasing 
$titude. At Broken Arrow in summer the percentage 
of west component winds is close to 70 from 1 to 6 
kilometers, while a t  Groesbeck the percentage falls 
from 56 a t  1 kilometer to 34 a t  6 kilometers. 

TABLE B.-Permtage frequency of a west and a north component. 

BROKEN ARROW. 

I 
I west component. I/ North component. 

Altitude (Idlometers). ! 

FORT SILL. 

GROESBECK. 

pu.nmu..l winter... lis 471 1.1 75 491 87 uzl 91 90 391 91 91 MI1 49 101 50 191 341 54 441 56 63 y/ m i  69 59 70 

Y W  ...... 47 80 64 65 65 66 64 35 34 44 51 59 61 64 

to the bottom of the balloon.' "his current was effective 
in enabling him to win the race. While such ronounced 

tudes, or at low altitudes during da time, there is a noc- 

regularity, and is of such strength as to merit the atten- 

stratification is not often observed at consi 2 erable alti- 

turnal stratification in this region t i at occurs with great 

North component.-The slight depth of many north 
surface winds, es ecially in summer, is shown by the 

meters than at the surface (Table 6); above 1,000 meters 
the north component increases and passes 50 per cent 
in all seasons a t  3,000 meters over Oklahoma and ctt 
4,000 meters over Texas. The north component is 
greatest in winter and least in summcr. 

It is paradoxical that while a north component a t  
4,000 meters and higher is less frequent in summer than 
in winter the mean direction is nearer north in summer 
than in winter. This is explained by the fact that in 
winter many of the north component winds are from 
nearly west, i. e., west-northwest, while in summer a 
larger pro ortion of these winds are from north and 

around farther toward the north. 

fact that the nort g component is generally less at  1,000 

north-nort % west, thus bringing the mean direction 

than at northern stations w P iere the diurnal changes are 

curve at 500 meters; an 2 at the surface conditions just 

THE DIURNAL MABCH. 

Diurnal changes in free-air winds as in other meteoro- 
logical elements are more a parent at southern stations 

largely obscured by the changes resulting from the more 
frequent passage of KIGHS and LOWS. The essential 
characteristics of the diurnal change are: Stronger free- 
air winds at night, with a ronounced apex in the velocity 

the reverse, i. e., light winds at night and strong winds 
in daytime. With the velocity change there also occurs 
a diurnal change in direction, the surface wind during 
the day following more closely the direction of the free- 
air wind at 1,000 meters. 

The importance of stratihation of free-air winds was 
brought out during the national balloon race of 1922, 
when it is said one of the contestants found a la er of 
strong velocity barely deep enough to reach from t z e top 

70168-%2 

tion of aviators. It will be particularly important in 
the case of night flying. 

Tbis nocturnal stratiikation is illustrated by a set of 
morning velocit curves at Broken Arrow, one curve for 

rapid increase of 12 to 14 m. p. s. in velocity from the 
aurface to the 500-meter level approximately; above 

each month of t t e year (fig. 6, d ) .  These curves show a 
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this is a somewhat less rapid decrease .to near the 2,000- 
meter level. Thls condition occurs at  intervals through- 
out the year; it is infrequent in winter because the pre- 
vailingly strong winds aloft prevent the occurrence of 
the marked decrease in the upper p-art of the curves. 
In summer when the surface wind is from the south 
similar conditions may occur day after da . 
trates westerly winds over-running easterly surface 
winds; they are all taken from southerly component 
surface winds shifting as a rule into southwest or west at 
2,000 meters. They occur with a great variety in the 
size, intensity, and osition of the nothern low pressure 

Nebraska, or there mag be a dee LOW along the northern 
border; but an invariable conxition is the absence of 
strong latitudinal surface temperature gradients. 

The effect of this stratification appears in the curves 
of mean velocit throughout the year. Fi re 6, (a) 

January and July, res ectively, at  Groesbeck; Figure 6, 

The characteristic increase to the 500-meter level and a 
decrease above .is seen in each morning curve. P. m. 
curves are practically straight to 2,000 meters in summer 
while a small increase occurs in winter. It will be noted 
that the daytime increase in surface velocities extends 
to somewhat less than 100 meters abovo the ground, while 
the flow of the main body of air below 2,000 meters is 
considerably retarded durin the day, largely as a result 

surface. The average diurnaf change in velocity a t  
Broken Arrow in March is 5 m. p. s. a t  500 meters; on 
individual days it may amount to 15 m. p. s. 

From l i te  observations it is found that nocturnal con- 
ditions be 'n to a pear near sunset and increase in vigor 

until convection sets in an hour or two after sunrise. 
Wind stratification in the lower levels is important in 

kite work in the Southern States. Occasionally in winter 
the wind is too strong for good kite flyin at  the 500-meter 

caused the wind to moderate to some extent. In  sum- 
mer, on the ot-her hand, this wind la er is the very founda- 
tion of successful kite flving. At t i is  season most of the 
flights made at  Broken Arrow and Groesbeck are obtained 
b floating out a line of kites on top of this wind layer. 
d e n  in reeling the wire in ra idly the kites are carried 

wind layer is absent in the morning, it is sometimes pos- 
sible to et a fli lit a t  night. On account of the prevail- 

flights is made at these two stations at  night after strati- 
fication and stead flow have be un. 

for this region has not been studied in detail but the 
percentage for the year a t  Broken Arrow has been de- 
termined for the 500-meter level and is shown in Figure 7. 
This level, 1,650 feet, is near the usual height of the fli hts 

high winds are most important. Usin English units for 

m. p. %. or more, 40 m. p. h. or more, and 50 m. p. h. or 
more. A lar e majority of the winds in each class falls 

from the south-southwest. A secon ary frequency in 

None of these examples of wind strati i! cation illus- 

area. Sometimes t 1 ere is a small LOW in Kansas or 

and (b), show t E e mean &. m. and p. m. ve ei" ocities for 

(c), shows the same a ata for March at Broken Arrow. 

of convection and the resu f tin friction along the land 

until neary ff mi 2 night; steady motion then continues 

1eve.l and it is advisable to wait unt 9 convection has 

some distance aloft into the P ighter wind. When this 

ingly lig B l i  t win s in summer, a considerable number of 

Hi& m'nds.-T E e percentage 9 requency of high winds 

made by the air mail and therefore the altitude TV % ere 

this fi ure, the winds have been divide i into classes of 30 

between sout % and southwest, the lar est number being fi 
4 Thc mctrornlogical aspecf~ nf 1hr thlrfcenth national balloon race, Mau SI, I9#& By V. E. Jakl. Mo. WEATEEB REV. Yay, 1922. 5 0  245-250. 

winter is from north and north-northwest but the number 
is small compared to the number from a southerly direc- 
tion. 

The annual percentage of observations in which the 
wind equals or exceeds 30 m. p. h. is 23; 40 m. p. h., 10. 

As the greatest diurnd 
occurs at  this height, it is not surpris- 

exceeding 30 m. p. h. 

to April, inclusive, winds of 
the a. m. observation 

N 

x I . I 

86% 

FIO. I.-Percentaga frequency of winds equalling or excaedin 3O,cO, and 50 m. p. h. 
at 500 meters above Broken Arrow, Okk. 

30 m. . h. or more occur 44 per cent of tbe time; and 
from 8 a y  to October, inclusive 31 per cent. In the 
afternoon only 15 per cent e u d  or exceed 30 m. p. h. 
from November to April, an1 7 per cent from May to 
October. 

High wind records from kite observations have been 
ublished in An Aerolo ical Survey of the United Stah, 

and over and 20 m. p. s. and over may be found in Table 
20 of that ublication; the highest winds observed are 

$art I; the percentage P requency of winds of 10 m. p. s. 

given in Ta g le 21. Maximum winds in general are likely 
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to be somewhat higher on balloon records than on kite 
records for the reason that the kite flight usually follows 
the morning balloon observation and if a region of espe- 
ciall high winds is found it is likely to be avoided wlth 
the Ctes, or the kite flight delayed for a time. 

While a knowledge of the distribution of high winds, as 
shown in Fi re 7, will help in a general way to determine 

desirable when a lied to any particular route, as has 
been done by Mr. #. R. Gregg and Lieut. J. P. Van Zandt 
for the transcontinental air mail; but such an analysis 

In individual cases is beyond the scope of this 
the aviator who has a definite nowledge of existing winds 
ained Irom pilot balloon reports ma often avoid strong 

or b waitino until midday or later when this is possi le. 
&nds at %igh dtitudes.-Winds a t  high altitudes are 

of very small importance to present day aviation; but 
durin the laat few years they have become a matter of 

of flying across the country at tremendous speed. For 
instance in the S&eni!i$c American, September, 1922, 
“Across America in Eight Hours,” it is stated that the 
wind at 7+ miles up always blows from the west, “and 
maintains an average speed of something like 250 miles 
per hour.” 

Pilot bal- 
loons have been sent up dail a t  a number of places over 

highest velocities ever observed fall consi erably short of 
the 250 miles per hour Dur- 

almost continuously from a westerly direction, the aver- 
age speed is about 100 to 115 miles per hour 6 miles above 
this region; while in summer the avera e speed dro s to 

country; and winds from an easterly quarter occur with 
increasing frequency from the northern part of the coun- 
try to the southern. 

Both a t  Broken Arrow and Groesbeck 150 balloons have 
been followed to the 10-kilometer level (6.2 miles) during 
the 4-year period. The average speed for the year a t  that 
level at Broken Arrow is 74 miles per hour (33 m. p. 9.) 
and at Groesbeck it is 66 miles per hour (29.4 m. p. s.). 
Twenty-five per cent of all winds observed at  the 10- 
kilometer level a t  Broken Arrow have an easterly com- 
ponent, while 41 per cent a t  Groesbeck are easterly. In 

what may i? e expected in flying, much greater detail is 

[ead winds by flying above or below t E e customary hei h t  

consi f erable interest and speculation as affording a means 

rper. 
f 

Such statements are highly exaggerated. 

B the United States during t E e past five ears, and the 

ing the winter, when t f e winds are strongest and blow 

about 35 miles per hour over the sout 5 ern part o F the 

ven as the average speed. 

~ ~ ~~ 

6 The wind fwbx in ight: A n  anolyair of one year’r record of the Air Mail. Mo. 
WEATHE8 REV., a6& 1823,sl: 111-135. 

summer at Groesbeck the easterly component amounts 
to 66 per cent and the mean direction is northeast. 

So it is not simply a matter of going up 6 or 7 miles any 
time and finding a gde from the west. The aviator who 
desires to make a record breaking trip by takin ndvan- 

favor. 

tage of the strong winds aloft should, and enera K ly does, 
consult the Weather Bureau to find out t i e  K odds in his 

by the U. S. S. Lang f ey, i t  has been impossible to make 

UPPER AIR OBSERVATIONS AT SEA. 

Because of the ex eriiiiental work being carried on 

flights with the Aerograph as no planes or pilots have 
been available for this work. 

On Thursday September 13, 1923, while the Langley 
was en route from Boston, Mass., to Norfolk, Va., and 
after flying exercises had been carried out, one Vought 
plane was =signed to make an aerological flight. 

At this time the Lan ley was off the Vir inia coast, 

aerogra h, the Schneider dtioTa h, and a Navy pocket 

Quartermaster Williams as aeroloeical observer, took 
off from the deck of the Langley an8 made an aerological 
fli ht  to 15,000 feet. 

f n  ascending to this altitude four separate layers of 
cloud forms were gone through. Nothing of importance 
concerning the weather was gained by this flight, the 
conditions being normal. 

As before, it  was found that the vibration was too 
great to expect accurate results from the Friez aero- 
graph, although an entirely new method was used in 
attaching the instrument, but by experimenting during 
the flimht it was learned that by making minor changes, 
the e2ect of vibration will be nearly or completely 
eliminated. 

In the history of u per air observations this is the 

the deck of a moving vessel at sea, and while the plane 
landed at  the naval air station, Ham ton Roads, Va., 

landed aboard the Lanqlcy just as it  had taken off. 
From this flight, then, it can be seen that in the near 

future, with the development of aircraft carriers, a 
regular schedule of up er air observations can be carried 

tained used in compiling data heretofore not obtainable.- 
Franklin G. Williams, C. &. M., U. S. Navy. 

and after the plane hac! been equipped wit % the Friez 

altigrap R , Lieut. Braliton R%o!es as pilot and Chief 

first time that an aero r ogical flight has been made from 

it is known, from past experiments, t R at it could have 

out while these vesse P s are at sea, and the results ob- 

THE ANTICYCLONE OF SEPTEMBER 12-18,1933. 

By ALPRED J. HENRY. 
[Weather Burem, Washington, D. C., October 17,1923.1 

In the previous number of this R E V I E W ’ s ~ ~ ~  comment 
was made upon the appearance of the first ronounced 

In this number it is proposed to discuss in like manner 
the origin and movement of another larger and more 
enduring anticyclone that complete1 dominated the 

In reality there were two anticyclones; the first is 
lotted as track No. VI1 and the second as track No. t I11 of Chart I of this REVIEW. For convenience 

these will be referred to as the “first” and “second” 
anticyclone. 

anticyclone of the season in the Canadian % orthwest. 

weather of eastern United States and d anada September 
13-18, 1923. 

~~ 

1 Henry A J.: !Fha first coal wove of 1923 In the Dakotss and Lske ragion. Yo. 
WEAT& RSV., 51: p. M. 

The barometric situation.-The barometric situation on 
the 10th was as follows: A trough of low pressure (29.9 
inches) stretched from Minnesota south-southwest to 
Texas and an anticyclone (30.2 inches) covered the Lake 
region with a second antic clone (30.2 inches) appar- 

attended by a sharp fall in temperature in western 
Saskatchewan and Assiniboia. 

Subsequent develo ment.-The AZbertn anticyclone 

hours and apparently continued to move in a south- 
easterly direction, although it,s identity after the 11th 
can not easily be distinguished. 

On the morning of the 12th a fresh anticyclone (30.4 
inches) appeared at  Prince Albert, Saskatchewan, a sta- 

ently moving southeastward T rom the Province of Alberta, 

above mentioned a B vanced to eastern Montana in 24 


